To study the distribution relationship between salt rocks and oil-and-gas in Mizhi region of the Ordos Basin, a detailed research was conducted to assess the organic geochemical characteristics of the source rocks. The results show that the Pr/Ph (pristane/phytane) ratios are higher than 1 and that the content of chloroform bitumen "A" is lower in the Triassic and highest in the Carboniferous strata. From the Triassic to the Ordovician, the maturity is increased but the ratio of aliphatic to aromatic hydrocarbons is decreased with the depth, which is possibly related to the high salinity levels in the region. Long-chain n-alkanes are absent in the Carboniferous, whereas they are observed in the Ordovician. The aromatic chromatograms show that the naphthalene content increases with depth and is consistant with maturity. β-carotene and dehydrovitamin E were detected, which may indicate the presence of marine and reducing environments. The Triassic, Permian and Carboniferous sediments can be classified as source rocks.
INTRODUCTION
The relationship between salt-related structures and hydrocarbon accumulation was studied in the early twentieth century; oil, gas, salt, sulfur, and hydrogen sulfide are derived from the hot solution that came from the deep crust and accumulated under active volcanism (Jiang et al., 2004) . In the 1930s, many oil-and-gas reservoirs were discovered in the Mexico Gulf, United States (Jiang et al., 2004; Cong and Wen, 2010) . Many scholars believe that 45% of the gas and 11% of the oil in the world are associated with the salt structure Liu et al., 2004) . However, between the 1940s and 1950s, the discovery of oil-and-gas reservoirs became a failure nearby salt dome (Jackson et al., 1995) . After the 1970s, many salt-bearing and oil-gas-bearing basins were discovered, and the study of the relationship between saltbearing and oil-gas-bearing was very popular (Liu et al., 2001) . Initially, researchers believed that the salt-bearing was only an indirect factor, such as salt and gypsum can be served as caprocks and salt domes may have formed the hydrocarbon traps (Cong and Wen, 2010; Liu et al., 2004) . However, the researchers found that salt-bearing played an important role during the oil-gas formation and evolution with the development. Muder (1969) proved that an obvious relationship between salt-bearing and oil reserves existed in 17 of the 39 regions studied (Shi et al., 2005; Liu and Xie, 2001) . Hartberg (1967) , Peterson et al. (1969) reported that the salt rocks could form an enclosed basin which benefited the preservation of organic matters. Most of the oils associated with salt rocks were generated from the dissolved and particulate organic matter generated in evaporitic environment (Peng, 2004) .
GEOLOGICAL SETTING
Ordos Basin is a sedimentary basin located in the northwest of the North China Platform ). The properties and sedimentation type of the basin are significantly different from the central paleo-uplift. In brief, the western basin belongs to the Helanhai-type deposition before the development of Ma-4. The eastern basin is part of the North China Sedimentary Platform. The eastern and the western basins were unified by the sea during the development of the Ma-4, and the Ordos Basin was consequently formed (Table 1) . The geological setting was described in detail by Zeng et al. (2010) and Zhao et al. (2011) .
Ordos Basin is the second largest sedimentary basin in China, with very rich oil, gas, and coal resources, and it stretches across Shaanxi, Gansu, Ningxia, Shanxi, and Inner Mongolia Chen et al., 2011) . Mizhi County is located in the middle-east of the Yulin City, and its underground mineral resources are mainly natural gas and salt rocks. Among them, natural gas is widely distributed in the west of the county, in addition to being present in the eastern region that has not been studied well enough; the distribution of oil and gas coal is shown in Figure 1 . It has 374 Organic geochemical characteristics of source rocks in the Mizhi region of Ordos Basin been proven that the salt layer reserves lie underground across the whole county, its thickness is 129-148 meters, and the reserves total 1600-1800 million tons.
The Mizhi region, rich in salt rock, is an ideal area to study the relationship between salt rock and oil-gas; therefore, this region was analyzed in detail to explore the relationship between salt rock and oil-gas.
SAMPLE AND METHOD

Samples
We selected 101 drilled portions of the core ( 
Experimental methods
Extraction and separation
Finely milled freeze-dried samples (50 g) were Soxhlet-extracted for 48 hours using chloroform (copper foil was placed in the flasks to bind any sulfur present). After evaporation using a rotary evaporimeter, the chloroform-extracted bitumen "A" was obtained and the yields were quantified, components separated by column Gray, shallow celadon sandstone, Dark-grey, gray-black mudstone and light-grey, grey silty mudstone are interbedded of unequal thickness with dark-gray, grey-black shale in the middle.
Gray black shale and gray-white, gray-red sandstone are interbedded of the same thickness with charcoal-grey silt argillaceous rock and gray black shale.
Greyish white, light red fine sandstone, gray siltymudstone and mudstone are interbedded of unequal thickness with grey green mauve silty mudstone.
Grey-green, brown-grey mudstone and light-red fine sandstone rock are interbedded of unequal thickness with peliticsiltstone and shale. T 2 Z 3 780
Dull-purple, grey-greenmudstone and pink, light-grey sandstone rock are interbedded of unequal thickness with thin peliticsiltstone, few grey-black shale and off-whitesandstone with coarse gravel.
Dull-purple, grey-green, peliticsandstone and light-red, off-white sandstone are interbedded of unequal thickness with thin layer of off-white marl, few of grey peliticsiltstone.
Mauve, brick-red, celadon mudstone with thin off white siltstone, politic siltstone, few of light gray greyish-white marl. T 1 h 1310 Grey-green, purplish-red, brownish-red argillaceous limestone, grey-green, light-gray, limestone and greyish-white, light-red fine sandstone with purplish-red, grey green silty mudstone.
Purplish-red, brownish-red, grey-green mudstone, siltymudstone and light-gray, light-red sandstone are interbedded of unequal thickness. Dull-purple, brownish-red and grey-green argillaceous and greyish-white sandstone are interbedded of the same thickness with a few of grey-black mudstone in the bottom.
Dull-purple, purplish-redand grey-green mudstone with a few of greyish-white and light-red sandstone, some parts are greyish-white and light-grey limestone.
P 2 sh 1792 Purplish-red, grey-green mudstone and purplish red shale are interbedded of unequal thickness with a thin layer of greyish-white and grey-green sandstone in the above (some parts are light-grey argillaceous limestone). A thin layer consisted of greyish white grey green sandstone with some thin-layer of shale in the lower greyish-white celadon, sandstone with coarse gravel are interbedded of unequal thickness in the lowest. P 2 sh 2 2030
Purplish-red, purplish-grey mudstone with thin layer of greyish-white, grey-green sandstone (some parts are marl) in the above. Purplish-grey, gray-green sandstone and greyish-white grey-green sandstone are interbedded of unequal thickness in the lower, sandstone with gravelin the lowest.
Dark-gray, grey-green, grey-black mudstone and light-gray, light-green, greyish-white sandstone are interbedded of unequal thickness with shale.
P 1 s 2202 Light-gray, gray-black, greyish-white mudstone and greyish-white fine sandstone are interbedded of unequal thickness with a thin layer consisted of silvergraybauxitic mudstone and coal streak in the above. Dark-gray, gray-black mudstone, greyish-white fine sandstone, coal, gray, greyish white sandstone are interbedded of unequal thickness with some silvergraybauxitic mudstone. Table 2 . (Continued) chromatography using 40 ml n-hexane, dichloromethane, and methanol to elute the aliphatic, aromatic, and heterocomponent fractions (Sun, 1998) .
Total organic carbon
The total organic carbon (TOC) content of the samples was determined using the finely milled material (-80 mesh), and 0.1-1.0 g of each sample was tested using a Leco CS-344 carbon analyzer (Sun and Püttmann, 2000) .
Chromatographic and gas chromatography-mass spectroscopy analyses
The aliphatic and aromatic hydrocarbon fractions were analyzed by chromatography (Agilent 6890) and gas chromatography-mass spectrometry (Agilent 6890-MS5973) using the same column and temperature conditions (30 m × 0.25 mm fused silica column, 60-300°C at 4°C min-l, and 15-minute isothermal period at 300°C). The conditions of mass spectrum analysis were as follows: electron energy of 70 eV, emission current of 1 mA, and variation scope of 50∼700 Da (Sun et al., 2001) . 
RESULTS AND DISCUSSION
Maturity of organic matter
Maturity parameters are very important for evaluation of source rocks. Some maturity parameters can be derived from gas chromatography of the aromatic hydrocarbon fractions (Sun, 1998) . The so-called Methylphenanthrene Index (MPI 1) introduced by Radke et al. (1982) is determined from the relative concentrations of phenanthrene and the four possible isomers of methylphenanthrenes. The MPI 1 values vary between 0.75 and 1.84 in different source rocks (Table 3 ). According to the equation (R c = 0.60 × MPI 1 + 0.4), proposed by Radke et al. (1982) , this value corresponds to a calculated vitrinite reflectance (R c ). The source rocks of the Ordovician are in the high maturity stage and others in the maturity stages (Table 3) .
Results of TOC and Extract Yields
TOC contents and Extract Yields are two very important values for evaluating source rocks (Huang et al., 2010; Chen et al., 2011) . According to Ding et al. (2011) , carbonate rocks can be classified as source rocks when their TOC contents are more than 0.1%. The TOC ratios of the Ordovician distribute between 0.17% and 0.22%, with an average ratio of 0.20% (Table 4) . Based on the TOC standard, the carbonate of the Ordovician belong to source rock. The values of bitumen "A" of the carbonate samples are higher than 40 mg. According to Ding et al. (2011) , it belongs to the source rocks of medium grade. According to the experiment study (Sun et al., 2006; , however, hydrocarbon can form in the early stage under the influences of salts and expel from the source rocks more easily. We may deduce that the carbonate rocks of the Ordovician under the influences of Explanation: MPI 1 = 1.5 × (2-methylphenanthrene + 3-methylphenanthrene)/(phenanthrene + 9-methylphenanthrene + 1-methylphenanthrene); R c = 0.6 × MPI 1 + 0.4. salts have formed a lot of hydrocarbon, which have migrated from the rocks to other rocks. If the TOC contents of argillaceous rocks are higher than 0.4%, they belong to source rocks. In this study, the sediments are argillaceous rocks in the Trias, Permian and Carboniferous, in which the TOC contents are higher than this standard (0.4%). These sediments are source rocks (Tables 5∼7). According to Ding et al. (2011) , the sediments can be classified as source rocks when their extract yields are higher than 45 mg/kg rock. Therefore, the sediments of the Permian and Carboniferous belong to source rocks. 
Saturated hydrocarbon compounds
The Triassic samples showed a bimodal distribution, and the content of long-chain nalkanes decreased with increase in the depth of the strata (Fig. 2) . This phenomenon may indicate that the hydrocarbon could be from high plants. The Permian sample was dominated by short-chain n-alkanes with a marked even-over-odd carbon-atomnumber predominance. The maximum intensity is in the C 15 -C 18 range, whereas longchain n-alkanes (>C 26 ) rarely appeared (Fig. 3) . This phenomenon may indicate that the hydrocarbon could be from bacteria or algae. The saturated hydrocarbons of the Upper Permian showed slightly doubled peaks, consistent with the saturated hydrocarbons of the lower Triassic, whereas the long-chain n-alkanes of the Upper Permian saturated hydrocarbons were intensely weak and showed no odd-over-even predominance (OEP). In contrast, the level of long-chain n-alkanes were increased in the Upper Permian saturated hydrocarbons and showed an obvious OEP. The saturated hydrocarbons of the Carboniferous showed a predominance of short-chain n-alkanes from C 14 to C 18 (Fig. 4) . The ratios of aliphatic compounds are higher than those of the other source rocks, with the absence of long-chain n-alkanes. The C 29 -C 31 showed weaker OEP, and the long chain n-alkanes of Upper Carboniferous saturated hydrocarbons were rarely observed. The upper Ordovician saturated hydrocarbons showed a multipeak structure (Fig. 5) . The short-chain n-alkanes were concentrated in the C 14 -C 18 fraction, with weaker peaks at C 20 and between C 27 and C 31 . This distribution may be due to the high maturity of organic matter in the Ordovician rocks.
The selected biomarkers
The biomarkers of these samples were detected, which may provide clues to the thenprevalent environmental conditions or the floral and faunal input involved in their formation. The main biomarkers include gammacerane, β-carotene, hopane, and dehydrovitamin E (Figs. 6∼9) .
Discussion
The maturity increases with the depth of the strata from the Triassic to the Ordovician, and the ratio of aliphatic-to-aromatic hydrocarbons is decreased. Compared with asphalt, the aliphatic and aromatic hydrocarbons are easily degraded. Therefore, the content of bitumen "A" should be increased with the increase of maturity. These two parameters of the Ordovician are not consistent with those of the Triassic to the Ordovician because the strata of the Ordovician are highly saline. Salt rocks has the ability to catalyze the pyrolysis of hydrocarbons (Li et al., 2002) , and then the ratio of aliphatic-to-aromatic hydrocarbons is nominally increased. Ordovician hydrocarbon sources are the lower plants, and thermolysis and degradation could be inhibited in high-salinity environment. On the contrary, the products of low maturity increase in high-salinity environment. However, they are easily lost. Therefore, the content of extract "A" shows a decrease. The source of other strata is not mainly algae, and with the strengthening of thermolysis and degradation, the content of extract "A" increases with increase of maturity. Meanwhile, the products are preserved well.
The differences in the results obtained by comparison of the samples are not obvious: the contents of the heterocomponents and extract "A" are significantly decreased, excluding the standard sample. This result showed that salt rocks (nearly 1000 meters away from the Heshanggou Formation) had no significant effect on the overlying of strata.
Low Pr/Ph ratios (<1.0) indicate anaerobic conditions during sedimentation, and values greater than one was interpreted as reflecting the dysaerobic environments prevailing under high-sulfur-containing conditions. Gammacerane (C 30 -triterpene alkane) is considered an indicator of high-salinity marine and nonmarine depositional environment. The carrot alkanes, including unsaturated compounds or saturated oil congeners, are derived from many organisms. β-Carotene is a saturated bicyclic alkane occurring in algae formed in marine facies and anoxic environments (Jiang et al., 2004; Peters and Moldowan, 1995) . The terpanes are derived from the cell wall lipids of ancient bacteria (prokaryotes). These main bacterial terpanes include some homologs: nonring, bicyclic (drimanes), tricyclic, tetracyclic, and pentacyclic compounds. Vitamin E is an important component of the oil-generating precursor, and it is easily oxidized to quinine with the loss of the original phenolic carboxyl group. Only in the salty reducing environment, vitamin E can be saved and dehydroxylated into dehydrovitamin E. This is why dehydrovitamin E occurred in the deposited material under high-salt environment and is considered an indicator of the presence of marine and reducing environments (Peters and Moldowan, 1995) .
CONCLUSIONS
The Triassic, Permian and Carboniferous sediments can be classified as source rocks. Through geochemical analysis, the long-chain n-alkanes were found to decrease from the Triassic to the Carboniferous sediments. The long-chain n-alkanes are absent in Carboniferous, whereas they are observed in the Ordovician sediments. The longchain n-alkanes of Ordovician show weak OEP, which is possibly related to the halophilic bacteria present in saline environments. The aromatic chromatogram showed that the naphthalene content increased with the depth of the strata and is consistent with the maturity. Because salt rocks can catalyze the pyrolysis of hydrocarbons, this result is not found in the Ordovician, which was formed in a highsalt environment. In the gas chromatography and mass spectrometry studies, β-carotene and dehydrovitamin E can be detected, which may indicate the presence of marine and reducing environments.
